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REMARKS 

This Amendment responds to the Office Action mailed July 23, 2009. With this 
amendment, Applicants amend claim 1, and cancel claim 4. Applicants note that the Office has 
deemed claims 5-13 as being directed to non-elected subject matter and therefore withdrawn 
these claims from consideration. No new matter has been added with the present amendment. 
Support for the amendment can be found throughout the specification and claims as filed. 
Claims 1 and 5-13 are pending. 

Formalities 

Applicants note with appreciation that the Office has withdrawn prior rejections of the 
claims under 35 U.S.C. § § 101 and 1 12, second paragraph, for indefmiteness and lack of written 
description. The Applicants also note with appreciation the withdrawal-in-part of the rejections 
under 35 U.S.C. § 1 12, first paragraph. 

Claim Rejections - 35 U.S.C. § 1 12, First Paragraph - Enablement 

The Action maintains the rejections to claims 1 and 4 under 35 U.S.C. § 112, first 
paragraph, as allegedly failing to comply with the enablement requirement. The reasons were set 
forth in the previous Office Action. Briefly, the rejection turns on the Action's conclusions that 
(1) there is not a reliable and robust relationship between the required nucleotide content and the 
risk of arteriosclerotic disease including myocardial infarction, and (2) that the present invention 
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is unpredictable as to whether the asserted association of the instant specification would in fact 
reliably or robustly be reproduced in any other different population outside of a Japanese 
population. Applicants respectfully disagree with the Action's conclusions. 



Applicants initially note that claim 1 has been amended to recite myocardial infarction. 
Claim 1 recites: "A method for determining an increased risk of myocardial infarction in 
humans, which comprises detecting in a biological sample obtained from a human subject, said 
sample comprising nucleic acids from the subject, a nucleotide at position 3279 of SEQ ID 
NO: 1 ; wherein the presence of a C at position 3279 of SEQ ID NO: 1 is indicative of an increased 
risk of myocardial infarction." 



Applicants submit that the specification enables the present invention by providing ample 
direction and a detailed explanation of how to perform the invention. The working example, on 
page 20 of the specification, states that 



galectin-1 and galectin-2 were found to bind to LTA (lymphotoxin-ct), and 
functional variations in these gene products were found to have led to functional 
variations in LTA, which could be associated with susceptibility to myocardial 
infarction. Accordingly, novel single nucleotide polymorphisms (SNPs) in these 
genes were identified and discovered, and the discovered SNPs were used to 
subject about 2300 patients and about 2300 controls to the case-control 
association study. As a result, it was found that the quantity of minor 
homozygotes (TT allele) of the novel SNPs (3279 OT) in intron 1 of the 
galectin-2 gene was significantly small in myocardial infarction patients 
(X 2 =25.3, P=0.0000005; odds ratio=1.6) (Table 1) (where the nucleotide number 
depends on the variant designation) (See pages 20-21 of the specification). This 
indicates that SNPs at nucleotide 3279 in intron 1 of galectin-2 are factors that act 
protectively in myocardial infarction and that functional variations in galectin-2 
may be associated with myocardial infarction. 
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The specification further states that when the "nucleotide in position 3279 in the 
nucleotide sequence of intron 1 of the galectin-2 gene as shown in SEQ ID NO: 1 is C (3279C in 
intron 1 of galectin-2), for example, the expression level of galectin-2 can be determined to be 
low" (see specification pages 7-8). "On the other hand, when the nucleotide in position 3279 in 
the nucleotide sequence of intron 1 of the galectin-2 gene as shown in SEQ ID NO: 1 is T 
(3279T in intron 1 of galectin-2), it can be determined that inflammatory disease has not been 
developed or is less likely to be developed" (see specification pages 7-8). 

Applicants further submit that one of ordinary skill in the art is enabled to make and use 
the present invention, in addition to through the specification's teachings, through the teachings 
of pre- and post-filing references. These references teach that the SNP at position 3279 of the 
galectin-2 gene can determine an increased risk of arteriosclerotic disease, and more specifically 
myocardial infarction. 

For example, in Yamada et al. (International Journal of Molecular Medicine, (2008), Vol. 
21, pages 801-808, hereinafter "Yamada") 1 , the 3279C->T polymorphism of LGAL2 was found 
to be associated with a prevalence of arteriosclerotic disease and atherothrombotic cerebral 
infarction (see page 807, column 1). Applicants note that Ozaki et al. (Nature (2004), Vol. 429, 
pages 72 -75, hereinafter "Ozaki") 2 found that "the SNP (3279C->T) in intron- 1 of LGALS2 
was significantly associated with MI" (see page 72, column 1, and Supplementary Table 1). 
Furthermore, Ohnishi et al. (J. Jpn. Coll. Angiol, (2004), Vol. 44, pages 175-178, hereinafter 
"Ohnishi"), teaches that the SNP in LGALS2, which encodes galectin-2 and binds to 
lymphotoxin-alpha protein, "is significantly associated with susceptibility to MI" (see English 

1 Applicants note that copies of Yamada, Asselbergs, and Szolnoki are submitted herewith. 

2 Applicants note that Ozaki and Ohnishi have been submitted in the Information Disclosure Statement of January 
18, 2008. 
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abstract). Additionally, Szolnoki et al. (Clinical Neurology and Neurosurgery (2009), Vol. Ill, 
pages 227-230, hereinafter "Szolnoki"), teaches that the "LGALS2 3279TT homozygote variant 
has been demonstrated to exert protection against myocardial infarction by reducing the 
transcriptional level of galectin-2" (see abstract). Asselbergs et al. (Clinical Science (2007), Vol. 
112, pages 291-298, hereinafter "Asselbergs"), a case-control study conducted on Americans, the 
C3279T polymorphism of the galectin-2 gene was shown to have a significant association with 
arteriosclerotic disease and coronary heart disease for American women (see page 295, columns 
1 and 2). 

Applicants note that Szolnoki teaches the association of the galectin-2 gene 
polymorphism in cerebral infarction in non-Japanese populations. Additionally, Asselbergs' 
study was on an American population. 

Applicants recognize that Asselbergs reports a difference between men and women. 
However, Applicants note that Asselbergs shows a difference between the C reactive protein 
(CRP) levels of the male and female populations in the study (see Table 1). CRPs, which 
increase during systemic inflammation, indicate an inflammatory reaction in the body and are 
used as a myocardial infarction marker. Asselbergs' findings show that the degree of 
inflammatory reaction in the male patient population is lower than that of the female population. 
However, this is likely due to the fact that the male patient population in Asselbergs has a type of 
heart disease that is different from that of the female patient population. It might also be due to 
the fact that the male patient population had a mild (moderate) type of the disease. Applicants 
further note that in Asselbergs, the population is divided by gender, and the population may be 
hierarchized. All of these factors may account for the disparity in the findings of an association 



{P29373 00848115.DOC} 



8 



Attorney Docket No. P29373 Application No. 10/568,695 

between the polymorphism and the arteriosclerotic and coronary heart disease in the male and 
female populations. 

Thus, contrary to the Office's assertions, the correlation between the polymorphism and 
arteriosclerotic disease, specifically myocardial infarction, extends to non- Japanese populations. 

Applicants submit that it appears that the Office may not understand the essence of the 
present invention. The Action discusses the "unpredictability with regard to the association of 
any particular sequence with a particular phenotype" (Office Action, page 4). However the 
present invention does not determine that a phenotype (i.e., myocardial infarction) is always 
observed in a patient having a certain SNP at position 3279 of the galectin-2 gene. Rather, the 
present invention determines an increased risk of a phenotype (i.e., myocardial infarction). 
Applicants note that it may not always be possible to make a definitive diagnosis of a disease by 
detecting one SNP, but it may be possible to determine an increased risk of a disease by 
detecting one SNP. 

Furthermore, in contrast to the Action's assertion, Applicants note that the present 
invention does not require the testing of a larger number of samples or undue experimentation. 
The Action alleges that a "large and prohibitive amount of experimentation would have to be 
performed in order to make and use the claimed invention" (Office Action, page 6). It appears 
that the Action confuses the case study analyses that teach the association of a particular SNP 
with a particular disease, with the present invention, which involves determining an increased 
risk of myocardial infarction of one person. Applicants note that the present invention was 
completed based on findings described in the specification. Still further, as explained above, 
several pre- and post-filing references demonstrate the association between the 3279C->T SNP 
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on the galectin-2 gene and arteriosclerotic diseases such as myocardial infarction. The present 
invention is not a case study analyzing the association of SNPs with particular disease. The 
present invention uses a sample of one person to determine the increased risk of myocardial 
infarction for that person. Applicants therefore submit that no large or prohibitive amount of 
experimentation would have to be performed in order to make and use the claimed invention. 
Either the correlation exists or it does not, and any amount of experimentation will not change 
that fact. 

The Action also appears to mischaracterize the present invention. The Action contends 
that the "claims broadly recite detecting the presence or absence of a C at position 3279 of SEQ 
ID NO:l, and thus the claimed methods do not recite the detection of the recited nucleotide 
content" (Office Action, page 3). Applicants respectfully disagree with the Action's contention. 

Applicants submit that the present invention in fact detects the nucleotide "content" at 
position 3279. If that content is "C," in other words the presence of a C is detected, then it is 
determined that there is an increased risk of myocardial infarction. However, if the content is 
"T," or in other words the absence of a C is detected, then there is no determination of an 
increased risk of myocardial infarction. Applicants submit that a clear understanding of the 
essence of the present invention and the claim language will allow the Office to appreciate that 
the specification enables one of ordinary skill in the art to make and use the present invention in 
its full scope, and does not require undue experimentation. While Applicants submit that this 
should be clear from the specification, Applicant's amend the claims in an attempt to render 
them even clearer. 
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In making the present rejection, the Action relies on post-filing references to support its 
assertion that the present invention is not predictable. However, in balancing the teachings of the 
references that the Action relies on with the references relied on by Applicants, the weight of the 
evidence supports Applicants' assertion that the specification enables the present invention, in its 
full scope. 

In support of its arguments, the Action relies on Mangino et al. (Atherosclerosis (2007), 
Vol. 194, pages 112-115, hereinafter "Mangino") and Sedlacek et al. (J. Mol. Med. (2007), Vol. 
85, page 997-1004, hereinafter "Sedlacek") to teach that there is no significant association 
between the 3279C->T SNP and myocardial infarction in the Caucasian population. The Action 
states that Applicants' arguments with regard to why Mangino and Sedlacek should be 
discounted were not persuasive. 

Applicants respectfully note that in the previous response Applicants explained the 
association studies of Mangino and Sedlacek failed to take into account sampling bias with 
regard to the non- Japanese populations tested. Therefore, the findings of Mangino and Sedlacek 
appeared to be less reliable than association studies of non- Japanese populations that do take 
sampling bias into account. 

An important aspect of association analysis is that the sample number of the association 
analysis is sufficiently large and that hierarchization of the sample (sampling bias) is not present. 
Non-Japanese populations are generally heterogeneous populations, and therefore are not 
suitable for association analysis in general. In particular, it is difficult to interpret the results 
which were obtained in non- Japanese people. Neither Mangino nor Sedlacek accounted for the 
sampling bias in their tested populations. Therefore, Applicants respectfully submit that the 
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teachings of Mangino and Sedlacek should not be relied upon to conclude that there is no 
association between the 3279C->T SNP and any arteriosclerotic disease, and myocardial 
infarction in particular. 

The Action also relies on Kimura et al. (Tissue Antigens (2007), Vol. 69, pages. 265-269, 
hereinafter "Kimura") to teach that there is no association of the 3279C->T SNP with myocardial 
infarction in the Japanese and Korean populations tested. However, Applicants note that Kimura 
acknowledges possible reasons why the findings showed no association between the SNP and 
myocardial infarction. In particular, Kimura states that "we acknowledge that these findings 
require additional studies, and there is an apparent study limitation here that we did not strictly 
match the background of risk factor for MI in the patients and controls" (page 269, first column). 
The authors further noted that "the evaluation of coronary atherosclerosis (affected vessels) was 
not performed in the controls" (page 269, first column). 

Applicants also note that the Action cites Lucenti (Scientist, Dec. 20, 2004, p. 20) and 
Hegele (Arterioscler. Throm. Vase. Biol., 2002, Vol. 22, p. 1058), contending that gene 
association studies are unpredictable. However, Applicants note that although both references 
cite weaknesses in gene association studies, they also provide advice so that the weaknesses can 
be overcome. For example, Hegele provides a table of desirable attributes of genetic association 
studies, one desirable attribute being optimizing sampling (see page 1060). In Lucenti, a cited 
researcher suggests including a larger sample size and a greater number of family-based studies 
to avoid population stratification (see column 2, lines 16-24). 

Optimization of sampling size and including a larger sample size and more family-based 
studies to avoid population stratification is also known as sampling bias or hierarchization. 
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Applicants have previously pointed out the sampling bias in references cited by the Action, in 
particular, Mangino and Sedlacek. Applicants submit that the references cited by the Office in 
support of its rejection, Hegele and Lucenti, actually support Applicants' contention that 
Mangino and Sedlacek should be discounted. 

Applicants respectfully submit that the pre- and post-filing art supports the assertion that 
the specification enables the present invention, outweighing the support offered by the Office. 
Applicants note that in making the current rejection, the Office does not appear to properly 
consider the weight of Applicants' evidence. 

Applicants submit that in balancing the evidence of both sides, the weight supports that 
the specification enables the claimed invention. Therefore, Applicants respectfully request the 
withdrawal of the 35 U.S.C. § 1 12, second paragraph rejection with regard to claim 1 . 



In view of the foregoing, the Examiner is respectfully requested to withdraw the 
rejections of record and allow all the pending claims. 

Applicants invite the Examiner to contact the undersigned with any questions. 



December 22, 2009 

GREENBLUM & BERNSTEIN, P.L.C. 
1950 Roland Clarke Place 
Reston, V A 20191 
(703)716-1191 



CONCLUSION 



Respectfully Submitted, 
Toshihiro TANAKA et a 
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Effects of lymphotoxin-a gene and 
galectin-2 gene polymorphisms on 
inflammatory biomarkers, cellular adhesion 
molecules and risk of coronary heart disease 



Folkert: W. ASSELBERGS'f, Jennifer K. PA1$ §, Kathryn M. REXRODE||, 
David J. HUNTER*$ § and Eric B. RIMM*$§ 

*Department of Nutrition, Harvard School of Public Health, 665 Huntington Avenue, Boston, MA 02115, U.S.A., fDepartment 
of Cardiology, University Medical Center Groningen, P.O. Box 30001, Hanzeplein I, 9700 RB, Groningen, The Netherlands, 
^Department of Epidemiology, Harvard School of Public Health, 677 Huntington Avenue, Boston, MA 02115, U.S.A., 
§Channing Laboratory, Department of Medicine, Brigham and Women's Hospital and Harvard Medial School, 181 Longwood 
Avenue, Boston, MA 02115, U.S.A., and || Division of Preventive Medicine, Department of Medicine, Brigham and Women's 
Hospital, 900 Commonwealth Avenue, Boston, MA 02115, U.S.A. 



A B S T R ACT 

The pro-inflammatory cytokine LTA (lymphotoxin-a) has multiple functions in regulating the 
immune system and may contribute to inflammatory processes leading to CHD (coronary heart 
disease). The aim of the present study was to investigate whether the common C804A (resulting 
in a Thr 26 -* Asp amino acid substitution) and A252G polymorphisms of the LTA gene and the 
C3279T polymorphism of the galectin-2 (LGALS2) gene, which affects LTA secretion, are associated 
with inflammatory parameters and cell adhesion molecules, and whether these polymorphisms 
are related to CHD in American women and men. We conducted a prospective nested case- 
control study within the Nurses' Health Study and Health Professionals Follow-Up Study. Among 
participants free of cardiovascular disease at baseline, 249 women and 266 men developed CHD 
during 8 and 6 years of follow-up respectively, and we matched controls 2:1 based on age and 
smoking. The LGALS2 gene variant was significantly associated with a decreased risk of CHD in 
women [odds ratio (95 % confidence interval), 0.70 (0.50-0.97); P = 0.03]. In addition, the LCALS2 
polymorphism was directly associated with CRP (C-reactive protein) levels in cases from both 
studies (P < 0.05). The LTA gene polymorphisms were directly associated with levels of sTNFRs 
(soluble tumour necrosis factor receptors) and VCAM-I (vascular cell adhesion molecule- 1) in 
both women and men with CHD (P < 0.05). However, no overall effect was demonstrated between 
LTA gene polymorphisms and risk of CHD. 



Key words: coronary artery disease, cellular adhesion molecule, galectin-2, gene polymorphism, inflammation, lymphotoxin-a 
(LTA), myocardial infarction. 

Abbreviations: BMI, body mass index; CABG, coronary artery bypass graft surgery; CHD, coronary heart disease; CI, confidence 
interval; CRP, C-reactive protein; HDL, high-density lipoprotein; HLA, human leucocyte antigen; HPFS, Health Professionals 
Follow-Up Study; IL-6, interleukin-6; LDL, low-density lipoprotein; LTA, lymphotoxin-a; NHS, Nurses' Health Study; PTCA, 
percutaneous transluminal coronary angioplasty; SNP, single nucleotide polymorphism; TNF, rumour necrosis factor; sTNF-R, 
soluble TNF receptor; VCAM-1, vascular cell adhesion molecule-1. 
Correspondence: Dr Folkert W. Asselbergs (email fwasselbergs@hotmail.com). 
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INTRODUCTION 

Inflammation plays an important role in the development 
and progression of atherosclerosis and is likely to play 
a critical role in the pathogenesis of plaque rupture 
which precedes a myocardial infarction [1]. The pro- 
inflammatory cytokine LTA [lymphotoxin-a; or TNF 
(tumour necrosis factor)-/?] is found in atherosclerotic le- 
sions [2] and may contribute to these processes. Further- 
more, LTA may also induce adhesion molecules and 
cytokines from vascular endothelial and smooth muscle 
cells [3]. A large-scale association study from the 
Japanese Osaka Acute Coronary Insufficiency Study 
group identified functional SNPs (single nucleotide poly- 
morphisms) within the LTA gene that were associated 
with a risk of myocardial infarction [LTA C804A (result- 
ing in a Thr 26 -> Asp amino acid substitution) and LTA 
A252G] [4]. Among these SNPs, the LTA C804A poly- 
morphism induced an almost 2-fold higher expression of 
E-selectin and VCAM-1 (vascular cell adhesion mole- 
cule-1) in cultured human coronary artery smooth 
muscle cells, and the presence of the LTA A252G gene 
polymorphism was associated with a 1.5-fold greater 
transcriptional activity of LTA [4]. The LTA and TNF 
(encoding TNF-a) genes are in significant linkage dis- 
equilibrium and are situated close to each other within 
the HLA (human leucocyte antigen) class III cluster 
on the short arm of chromosome 6. 

Several other studies have examined the association 
between LTA gene polymorphisms and CHD (coronary 
heart disease), but these studies were based on identific- 
ation of prevalent cases and the results were inconsistent 
[5-10]. In addition, genotype distribution in the 
original study by Ozaki et al. [4] deviated from 
Hardy-Weinberg equilibrium in the control group. A 
)i ispecrivc iui gil u J ad teede; r» 
the association between LTA gene polymorphisms and 
CHD. Furthermore, the relationship between LTA 
gene polymorphisms and plasma levels of inflammatory 
markers and cell adhesion molecules are unknown. 

Recently, the Japanese Osaka Acute Coronary Insuffi- 
ciency Study group identified the galectin-2 protein as 
a regulator of LTA protein secretion and, therefore, also 
potentially important in modifying the degree of inflam- 
mation [3]. Both LTA and galectin-2 are expressed in 
smooth muscle cells and macrophages in the intima of 
atherosclerotic lesions of the coronary artery. Further- 
more, the functional SNP (C3279T) in the galectin-2 
(LGALS2) gene may be inversely associated with a risk 
of myocardial infarction [3]. No study has yet replicated 
these results in a prospective design. 

We hypothesize that the common C804A and A252G 
polymorphisms of the LTA gene and the C3279T poly- 
morphism of the LGALS2 gene are associated with 
circulating inflammatory markers and cell adhesion 
molecules [i.e. CRP (C-reactive protein), IL-6 (inter- 



leukin-6), sTNF-Rl (soluble TNF receptor 1), sTNF- 
R2, VCAM-1 and E-selectin] and we aim to investigate 
whether these polymorphisms are related to CHD in a 
large nested case-control study among American women 

METHODS 
Study population 

We conducted a prospective nested case-control 
study within the NHS (Nurses' Health Study) and 
HPFS (Health Professionals Follow-Up Study). Among 
participants free of cardiovascular disease at baseline, 249 
women and 266 men developed non-fatal myocardial 
infarction or fatal CHD during 8 and 6 years of follow- 
up respectively. As a secondary end point, we addi- 
tionally identified 564 men who had CABG (coronary 
artery bypass graft surgery) or PTCA (percutaneous 
transluminal coronary angioplasty) during follow-up. 
Myocardial infarction was confirmed using World Health 
Organization criteria. Deaths were identified from State 
vital records and the National Death Index, or were 
reported by subjects' next of kin or the postal system. 
Fatal CHD was confirmed by hospital records or on 
autopsy, or if CHD was listed as the cause of death 
on the death certificate, if it was the underlying and most 
plausible cause, and if evidence of previous CHD was 
available. Confirmation of CABG/PTCA was based on 
self-reporting only. The study protocol was approved 
by the Institutional Review Board of the Brigham and 
Women's Hospital and the Harvard School of Public 
Health Human Subjects Committee Review Board; all 
participants provided informed consent. 

Controls were selected 2:1 matched for age, smoking 
and month of blood draw. In addition, female controls 
were matched for fasting status. Biomarkers were 
measured for non-fatal myocardial infarction and fatal 
CHD cases and their controls only (the set of CABG/ 
PTCA cases and controls did not have available plasma 
biomarkers). 

Laboratory methods 

CRP concentrations were determined using an immuno- 
turbidimetric high-sensitivity assay (Denka Seiken) with 
day-to-day assay variability between 1 and 2%. Levels 
of IL-6, sTNF-Rl, sTNF-R2, VCAM-1 and E-selectin 
were measured by ELISA (R&D Systems) [11], which 
have a day-to-day variability of 3.5-9.0%. HDL (high- 
density lipoprotein)-cholesterol and directly obtained 
LDL (low-density lipoprotein)-cholesterol were mea- 
sured using standard methods with reagents from Roche 
Diagnostics and Genzyme. 

Genotyping of polymorphisms 

DNA was extracted from the buffy coat fraction of 
centrifuged blood using the QIAmp Blood Kit (Qiagen). 
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Table I Baseline characteristics of women and men who developed non-fatal myocardial infarction or fatal CHD during 
follow-up (cases) and matched event-free controls 

Continuous variables are means ± 5.E.H., except for CRP, IL-6 and E-selectin, which are medians (interquartile range). Hen I, men who developed non-fatal myocardial 
infarction or fatal CHD during follow-up. HI, myocardial infarction. 

Women HhH 

Variable Cases (n = 249) Controls (n = 498) P value Cases (n = 266) Controls (n = 522) P value 



Age (years) 


60.4 ± 0.4 


60.3 ±0.3 


Current smoker (%) 


32.1 


31.9 


Caucasians (%) 


96.1 


96.5 


Diabetes (%) 


19.7 


6.S 


History of hypertension (%) 


57.4 


29.3 


BHI (kg/W) 


26.8±0.4 


25.4 ±0.2 


Family history of HI (%) 


27.7 


12.3 


HDL-cholesterol (mg/dl) 


51.7 + 0.9 


60.3 + 0.8 


HDL-cholesterol (mmol/l) 


1.32 + 0.02 


1.55 + 0.02 


LDL-cholesterol (mg/dl) 


143.0 ±2.26 


132.3 ±1.7 


LDL-cholesterol (mmol/l) 


3.67 + 0.0 


3.39 + 0.04 


CRP (mg/F) 


3.12 (I.30-7.S0) 


2.20 (1.00-5.23) 


IL-6 (pg/ml) 


1.99 (1.30— 3.04) 


1.66 (1.16-2.67) 


sTNF-RI (pg/ml) 


1447 ±38 


1 270 ± 1 6 


STNF-R2 (pg/ml) 


2790 ±64 


2491 ±32 


VCAM-I 


726 ±171 


703 ±157 


E-selectin 


49.4 (35.6-63.7) 


44.1 (31.7-56.8) 


We studied two SNPs 


n the LTA gene c 


n chromosome 



6p21 (HLA cluster): the LTA C804A (rsl 041981) in exon 
3 (resulting in the amino acid substitution Thr 26 Asn) 
and LTA A252G (rs909253) in intron 1. In addition, 
we genotyped the C3279T (rs7291467) polymorphism 
in intron 1 of the LGALS2 gene on chromosome 22q 
using Taqman SNP allelic discrimination by means of an 
ABI 7900HT (Applied Biosystems). Primer and probe 
sequences arc available on request. 

Statistical analysis 

Continuous data are reported as means ±S.E.M. or 
medians (interquartile range) if the data were skewed. 
Categorical data are presented as per group percentages. 
Differences between subgroups were evaluated by 
Student's t test for the normally distributed continuous 
variables or by the Mann-Whitney test if data were 
skewed. Differences in genotype frequencies and other 
categorical data between cases and controls were com- 
pared with the x 2 test or Fisher's exact test. Consistency 
of genotype frequencies with the Hardy-Weinberg 
equilibrium was tested using a x 2 goodness-of-fit test on 
a contingency table of observed compared with expected 
genotype frequencies in cases and controls. Genotype- 
phenotype associations were examined with additive, 
dominant and recessive models using multivariate logistic 
regression analyses. Odds ratios for the occurrence of 
CHD and their 95% CIs (confidence intervals) were 
calculated after adjustment for matching factors. Linear 



Hatched 


65.2 ±8.3 


65.1 ±8.3 


Hatched 


Hatched 


12.0 


12.1 


Hatched 




98.1 


98.2 


0.42 


< 0.001 


9.4 


4.5 


0.007 


< 0.001 


42.1 


30.9 


0.002 


< 0.001 


26.2 ±0.2 


25.7 ±0.2 


0.06 


< 0.001 


51.5 


37.3 


< 0.001 


< 0.001 


42.1 ±0.7 


45.9 ±0.5 


< 0.001 




1.08 ±0.02 


1.18 ± 0.01 




< 0.001 


135.6 ±2.2 


126.8 ±1.4 


< 0.001 




3.48 ±0.06 


3.25 ±0.04 




< 0.001 


1.68 (0.76-3.15) 


1.08 (0.52-2.40) 


< 0.001 


0.002 


1.86 (1.10-3.07) 


1.53 (0.97-2.88) 


0.008 


< 0.001 


I5I4±3I 


1504 ±23 


0.81 


< 0.001 


2992 ±53 


2943 ±38 


0.45 


0.13 


1364 ±331 


I3II±3I8 


0.03 


0.001 









mixed models were used to investigate the age-adjusted 
association between genotypes and inflammatory mark- 
ers. In addition, linear mixed models were used to 
investigate the gene-environment interaction between 
BMI (body mass index) and LTA and LGALS2 gene 
polymorphisms on inflammatory markers. All results 
were considered statistically significant if the two-sided 
P value for the test statistic was less than or equal to 
the set type I error rate (or) of 0.05. No adjustment for 
multiple comparisons was performed, because there were 
few statistical tests and there is good biological evidence 
that each of the biochemical systems being studied is 
functionally involved in regulating inflammatory status 
either direcdy or indirectly, suggesting the universal 
null hypothesis that is assumed for a Bonferroni-type 
correction does not apply to these data [12]. Analyses 
were performed using SAS version 9.1 (SAS Institute). 



RESULTS 

Baseline characteristics 

The general characteristics of both the NHS as well 
as the HPFS, divided on the basis of cases and controls, 
are shown in Table 1. Cases were more likely to have 
diabetes, hypertension and a family history of myocardial 
infarction than matched controls. In addition, cases 
from both studies had significandy higher levels of 
LDL-cholesterol and lower levels of HDL-cholesterol. 
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Table 2 Genotype d 
up (cases) and mate 


stributions amon 
hed event-free co 


g women who developed non-fata 
ntrols, and among men in groups 


1 myocardial infarcti 
1 (Men 1) and II (M 


jn or fatal CHD du 
n II) and matche 


ring follow- 
event-free 


controls 

Hen 1, men who developed 


on-fatal myocardial inf 


rction or fatal CUD d 


ring follow-up; Men II, 


men in the Hen 1 group (r 


= 266) plus men who 


nderwent CA8G 


or PTCA during follow-up (j 


= 564). P value fore 


mparison between cas 


s and controls. 










Women 




Men 1 




Men II 




Genotype 


Cases 


- 


Cases 








LTi C804A (») 
M 
CA 

P value 


101 (43.9%) 
95 (41.3%) 
34 (14.8%) 

0.42 


208 (44.2 %) 
213 (45.2%) 
50 (10.6%) 


118 (47.8%) 
100 (40.5%) 
29 (11.7%) 
0.67 


221 (44.5 %) 
223 (44.9%) 
53(10.7%) 


384 (49.9%) 
304 (39.5 %) 
81 (10.5%) 
0.39 


720 (46.2%) 
691 (44.4 %) 
145 (9.3%) 


Ilk A252G (o) 
M 
AG 
GG 


103 (43.5 %) 
98(41.4%) 
36 (15.2%) 

0.39 


207 (44.9%) 
199 (43.2%) 
55 (11.9%) 


119(46.5%) 
106 (41.4%) 
31 (12.1%) 
0.89 


223 (44.4%) 
225 (44.8 %) 
54 (10.8%) 


389 (49.2%) 
320 (40.5 %) 
82 (10.4%) 
0.46 


730 (46.0%) 
708 (44.6%) 
148 (9.3%) 


IffiW; C3279T (n) 
CC 
CT 
TT 

P value 


102 (43.8%) 
99 (42.5 %) 
32 (13.7%) 

0.02 


162 (34.8%) 
220 (473%) 
83 (17.9%) 


72 (28.6%) 
133 (52.8%) 

47 (18.7%) 
0.46 


170 (33.9%) 
232 (46.2%) 
100 (19.9%) 


230 (29.5 %) 
394 (50.5 %) 
157 (20.1 %) 
0.41 


506 (32.2 %) 
749 (47.6%) 
319 (20.3%) 



Women with CHD had a higher BMI and higher 
levels of inflammatory markers, including CRP, IL-6, 
sTNF-Rl, sTNF-R2 and E-selectin, than the matched 
control group. Men with CHD had significantly higher 
levels of CRP, IL-6 and VCAM-1, but mean sTNF- 
Rl and sTNF-R2 levels were not different between the 
groups. The characteristics did not change substantially 
when including men and matched controls who needed 
cardiac revascularization, the secondary end point 
(Men II). The distributions of genotypes were in Hardy- 
Weinberg equilibrium both in cases as well as controls 
(i>>0.10). The genotype frequencies are shown in 
Table 2. Only the distribution of the LGALS2 gene 
polymorphism was significantly different betweenfemale 
cases compared with matched event-free controls. The 
pairwise linkage disequilibrium (£)') and the correlation 
coefficient between LTA C804A and LTA A252G were 
0.99. No correlation was present between the LTA gene 
polymorphisms and LGALS2 gene polymorphism. 

Association between LTA and LGALS2 gene 
polymorphisms and markers of 
inflammation and cell adhesion molecules 

Tables 3-5 show the age-adjusted levels of the inflammat- 
ory markers and cell adhesion molecules (i.e. CRP, IL-6, 
sTNF-Rl, sTNF-R2, VCAM-1 and E-selectin) among 
the different genotypes. The LTA C804A polymorphism 
was associated with plasma levels of sTNF-R2 and 
VCAM-1 in both female and male cases. In addition, the 



LTA C804A gene polymorphism was significandy asso- 
ciated with IL-6 in men without CHD (Table 3). Similar 
results were found for the LTA A252G gene poly- 
morphism, which was also associated with sTNF-Rl 
levels in both women as well as men with CHD 
(Table 4).The LGALS2 gene polymorphism was asso- 
ciated with CRP levels in both male and female cases 
(Table 5). Furthermore, no significant interaction was 
present between BMI and the gene polymorphisms on 
\ writers in rases or controls from 

both the female and male cohorts. 

Association between LTA and LGALS2 gene 
polymorphisms and risk of CHD 

Table 6 shows the results from unconditional multivariate 
logistic regression analyses for CHD. The LGALS2 gene 
variant was inversely associated with a risk of CHD in 
women [odds ratio (95 % CI), 0.70 (0.50-0.97); P = 0.03]. 
This effect was independent of cardiovascular risk factors 
predictive of cardiovascular disease (diabetes, history of 
hypertension, BMI, family history of myocardial infarc- 
tion, HDL-cholesterol, LDL-cholesterol, CRP, IL-6, 
sTNF-Rl,sTNF-R2, VCAM-1 and E-selectin). The odds 
ratio (95 % CI) for CHD in women after adjustment for 
all these factors was 0.36 (0.22-0.59) (P< 0.001). This 
association was not present in men. After pooling the data 
from both women and men, we found a significant gender 
interaction between the LGALS2 gene polymorphism 
and risk of CHD (P = 0.01 for interaction). 



© 2007 The Biochemical Society 



us and coronary heart disease 



Table 3 Biomai-ker levels adjusted for age according to LTA C804A <Ysl04l98l) genotype among women and men 

_e7are means ± 5.E.M., except for CRP, IL-6 and E-selectin, which are geometric means (95% Cis). 'Additive model, P = 0.011; dominant model, P = 0.005; 
recessive model P = 0.860. fAdditive model, P = 0.029; dominant model, P = 0.952; recessive model, P = 0.009. ^Additive model, P = 0.018; dominant model, 
P = 0.050; recessive model, P = 0.728. §Additive model, P = 0.I94; dominant model, P = 0.47l; recessive model, P = 0.076. fiAdditive model, P = 0.I03; 
dominant model, P = 0.847; recessive model, P = 0.038. |]Additive model, P = 0.102; dominant model, P = 0.865; recessive model, P = 0.042. Hen I, men who 
developed non-fatal myocardial infarction or fatal CHO during follow-up. 

W C" 



CA CC 



CRP 2 73 (221-3.36) 3.46 (2.70-4.43) 3.40 (2.31-5.01) 1.59 (I JO- 1.94) 1.66 (1.39-1.99) 1.61(1.05-2.47) 

| W 199 (177 - 2.23) 2.15 (1.86 - 2.48) 1.92 (1.50- 2.46) 236 (1.94 - 2.88) 2.07 (1.77 - 2.43) 2.09 (1.51-2.89) 

sTNF-RI 1358 + 45 1509 ± 66 1417 + 98 1509 + 46 I485 ±40 I 624 ±92 

sJNF-R2 2568 + 74 296O±106 2726+151' 2968 ± 73 2930 ± 77 3400+ I6lt 

VCAM-I 694+17 769 ± 680 680 + 39* 1346+25 1352 + 39 1456±56§ 

E-selectin 46.6 (42.6-51.1) 49.8 (45.7-54.3) 43.6 (38.2-49.7) - 

(Is) Controls . 



CA CC 



2.18 (1.90-2.51) 
1.75 (1.59- 



227 (192-2.69) 2.01(1.48-2.73) 1.18 (1.01-1.38) 1.23 (1.05-1.44) 0.96 (0.07-1.28) 
.90 (1.73-2.08) 1.66 (1.39-1.99) 1.83 (1.60-2.09) 1.88 (1.68-2.10) 1.50 (l.24-l.80)U 



1272 + 24 1272 + 23 I2I5±52 I476±32 1539 + 36 1466 + 58 

2493 ± 45 2503 ± 49 2426 + 100 2931 +54 2953 rt 5 1 2816+118 

715+12 694 +13 695 ± 29 1303 +19 1325 + 22 I234 ±371| 

41.4 (39.1-43.9) 43.8 (41.4-46.3) 42.5 (37.6-48.1) - - ~ 



DISCUSSION 

In the present large prospective nested case-control 
study among American women and men, we investigated 
the relationship between LTA and LGALS2 gene 
polymorphisms and levels of inflammatory markers, cell 
adhesion molecules and risk of CHD. This study showed 
significant associations between the polymorphisms in 
the LTA and LGALS2 genes and markers of inflammation 
and cell adhesion molecules, but no association was found 
between LTA gene polymorphisms and risk of CHD in 
women and men. For the LGALS2 gene polymorphism, 
we found evidence of a significant gender interac- 
tion, with a significant association for women, but not 
men, with the risk of CHD. 

Previous case-control and cross-sectional studies have 
examined the association between LTA gene polymor- 
phisms and cardiovascular disease, but the results are 
inconsistent. The first study by Ozaki et al. [4] described 
significant associations between LTA gene polymorph- 
isms and myocardial infarction; however, the authors did 
not adjust for relevant covariates, including gender and 
age, and the genotype distributions among the control 
subjects were not in Hardy-Weinberg equilibrium. 
The association between the LTA gene polymorphisms 
and CHD was confirmed in another Japanese population 
[5] and in the family-based European PROCARDIS 



(precocious coronary artery disease) study [6]. Further- 
more, a significant association was found between the 
LTA C804A genotype and the extent of coronary athero- 
sclerosis in Caucasian patients with angiographically con- 
firmed coronary atherosclerosis [7]. In concordance with 
the present results, several other studies did not detect an 
association between LTA gene polymorphisms and myo- 
cardial infarction [8-10], and our findings are in agree- 
ment with a recent meta-analysis performed by Clarke 
et al. [10], which showed no relationship between LTA 
gene polymorphisms and CHD. In contrast with the pre- 
vious reports included in this meta-analysis, we used un- 
related controls selected from the same population as the 

Our present study has shown a significant association 
between the LGALS2 gene polymorphism and reduced 
risk for CHD in women; however, this association could 
not be replicated in our male population. This statistical 
gender interaction might be a true biological interaction 
or may reflect differences in cardiovascular risk factors 
in the male and female study populations. The present 
study is in concordance with the findings of Ozaki et al. 
[3], who reported an association between the LGALS2 
genepolymorphism and myocardial infarction. However, 
their study did not provide any information about gender 
differences. Other functional studies published so far do 
not report differences in LTA secretion between genders, 
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Table 4 Biomarker levels adjusted for age according to LTA A2526 (rs909253) genotype among women and men 

Variable means ±S.E.H, except for CRP. IK and E-selectin, which ace geometric means (95% CIs). 'Additive model, P = 0.028; dominant model, P = 0.014; 
recessive model, P = 0.676. fAdditive model, P = 0.002; dominant model, P = 0.001; recessive model, P = 0.606. fAdditive model, P = 0.056; dominant model, 
P = 0.384; recessive model, p = 0.016. §Additive model, P = 0.009; dominant model, P = 0.0I7; recessive model, P = 0.342. fUditive model, P = 0.128; 
dominant model, P = 0.379; recessive model P = 0.049. ||Additive model, P = 0.lll; dominant model, t = 0.872; recessive model, P = 0.042. Hen I, men who 
developed non-fatal myocardial infarction or fatal CHD during follow-up. 

(a) Cases 



Variable Genotype... AA AG GG AA AG GG 

CRP 163 (2.12 - 3.26) 3.62 (2.84 -4.62) 3.22 (2.17 - 4.77) 1.62 (1.33-1.98) 1.64 (1.38-1.94) 1.49 (0.99 - 2.24) 

| L . 6 1.97 (1.75 - 2.20) 2.17 (1.90 - 2.48) 1.87 (1.45 - 2.40) 2.27 (1.87 - 2.76) 2.08 (1.77 - 2.44) 1.96 (1.43 - 2.67) 

sTNF-RI |344±44 1562 ± 68 1407 ± 93* 1493 ± 43 1497 + 39 1604 + 87 

STNF-R2 2553 + 72 3051 + 117 27ll±l44f 2933 + 73 2929 ± 74 3332 ±IS7f 

VCAM-I 694+17 776±2I 696±40§ I340± 25 1350 + 36 I457 ±53H 

E-selectin 46.3 (42.5-50.5) 50.0 (45.8-54.6) 43.6 (38.4-49.4) - 



CRP 2.17 (1.88-2.50) 2.35 (1.98-2.80) 1.92 (1.46-2.54) 1.19 (1.02-1.40) 1.22 (1.05-1.43) 0.95 (0.72-1.27) 

IK 175 (1.59-1.93) 1.93 (1.76-2.13) 1.67(1.41-1.99) 1.83 (1.61-2.09) 1.89 (1.69-2.10) 1.51 (1.26- l.8l)|| 

sTNF-RI I268±24 1277 + 24 1261 ±52 1481 ±31 I535 ±36 I479 ±S7 

STNF-R2 2492±45 2503 ± 52 2553 ± ICS 2950 ± 54 2956 + 52 2895 +121 

VCAH-l 715 ±12 688 + 13 717 ± 32 1307 ±19 1328 + 22 1255 ±41 

E-selectin 42.2 (39.7-44.8) 43.4 (40.9-46.0) 42.9 (37.8-48.7) - 



Table S Biomarker levels adjusted for age according to LCALS2 C3279T (rs729l467) genotype among 

1., except for CRP, IK and E-selectin, which are geometric means (95 % CIs). 'Additive model, f> 



= 0.507. fAdditive model, P = 0.051; d 



who developed non-fatal myocardial 



infarction or fatal CHD during follow-up. 





Women 






Men 1 






Variable Geno 


type... CC 


CI 


TT 


CC 


CT 


TT 


CRP 

IL-6 

sTNF-RI 

5TNF-R2 

VCAM-I 


2.61 (2.06-3.29) 
2.09 (1.82-2.40) 
1426 ±58 
2765 ±105 
721 ±20 
46.1 (42.3-50.1) 


3.88 (3.15-4.78) 
2.14 (1.90-2.40) 
1447 ±60 
2802 ±91 
736 ±22 
48.8 (44.5-53.4) 


2.73 (1.80-4.14)* 
1.97 (1.49 - 2.60) 
1468 ±103 
2847 ±177 
702 + 31 
51.0 (44.1-59.1) 


1.26 (1.02- 1.56) 
1.81 (1.54-2.12) 
1478 ±51 
3017 ±94 
1412 + 36 


1.71 (1.42-2.05) 
2.36 (1.97-2.82) 
1490 ±38 
2920 + 70 
1329 ±26 


1.84 (l.37-2.47)t 
2.01 (1.55-2.59) 
1557 ±63 
3071 ±94 
1392 ±57 



(b) Controls 

Women 



Variable Genotype ... CC CT^ 



CRP 


2.12 (1.80-2.49) 


2.15 (1.83 - 2.54) 


2.35 (1.87 - 2.94) 


1.27 (1.06-1.52) 


1.16(1.01- 


.34) 


1.03 (0.80- 


1.34) 


IL-6 


1.79 (1.63-1.98) 


1.85 (1.67-2.04) 


1.75 (1.52-2.01) 


1.92 (1.68-2.20) 


1.70 (1.54- 


.88) 


1.94 (1.56- 


2.41) 


sTNF-RI 


1250 ±25 


127! ±24 


1311 ±38 


I5I3±34 


1494 ±34 




1 512 zt 56 




STNF-R2 


2453 ±50 


2513 ±50 


2525 ±67 


3000 ±64 


2870 ±51 




3006 ±82 




VCAH-l 


7I2±I6 


698±ll 


692 ±23 


I3I6±27 


1297 ±19 




1332 ± 26 




E-selectin 


43.2 (40.5-46.2) 


41.5 (39.1-44.0) 


46.5 (42.5-50.8) 
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Table 6 Associations of LTA and LGALS2 gene polymorphisms with risk of CHF 

Values are odds ratios (95% CIs). Men I, men who developed non-fatal myocardial infarction or fatal CHD during follow-up; Hen II, men in the Hen 1 group (n — 266) 
plus men who underwent CABG or PTCA during follow-up (n = 564). P value for comparison between cases and controls. */> = 0.0252; \? = 0.0312. 





Women 


Hen 1 


Hen II 


Pooled (women and men 1) 


m C804A 
Additive 
Dominant 


1.08 (0.85-1.36) 
0.98 (0.71-1.36) 
1.42 (0.88-2.28) 


0.95 (0.76-1.20) 
0.87 (0.64-1.82) 
1.13 (0.70-1.84) 


0.94 (0.82- 1.07) 
0.86 (0.72-1.02) 
1.15 (0.86-1.54) 


0.99 (0.84-1.17) 
0.92 (0.74- 1.15) 
1.20 (0.86-1.67) 


1H A252G 
Additive 
Dominant 


1.08 (0.86-1.36) 
1.04 (0.75-1.43) 
1.29 (0.81-2.05) 


0.99 (0.79-1.24) 
0.92 (0.68-1.25) 
1.15 (0.72-1.85) 


0.95 (0.83-1.08) 
0.88 (0.74-1.04) 
1.13 (0.85-1.50) 


1.03 (0.87-1.20) 
0.96 (0.77-1.19) 
1.15 (0.84-1.59) 


L6AIS2 C3279T 
Recessive 


0.77 (0.61-0.97)' 
0.70 (0.50-0.97)t 
0.72 (0.46-1.13) 


1.09 (0.88-1.35) 
1.29 (0.92-1.79) 
0.93 (0.63-1.37) 


1.05 (0.93-1.19) 
1.14 (0.94-1.37) 
1.00 (0.80-1.23) 


0.94 (0.80-1.10) 
0.94 (0.75-1.19) 
0.87 (0.64-1.17) 



but, as shown in Table 1, levels of inflammatory markers 
differ between genders and, therefore, it is possible 
that LTA has a sex-specific range too. Future studies 
are needed to investigate whether LTA secretion differs 
between genders. 

Surprisingly, no relationship was found between LTA 
gene polymorphisms and CRP. LTA is a pro-inflammat- 
ory cytokine acting through activation of NF-kB (nuclear 
factor kB), and previous reports have demonstrated a 
weak, but significant, association between an LTA gene 
polymorphism and CRP levels [10,13]. Galectin-2 has 
been shown [3] to affect LTA expression levels and might 
therefore influence CRP levels as well; however, the re- 
lationship between LGALS2 genotype and CRP in the 
present study was opposite to that expected. We cannot 
exclude the role of chance or some counter-regulatory 
action which we did not capture with the genetic variation 
in LGALS2. Clearly, further study is needed to confirm 
or reject the present findings. 

Interestingly, we found a significant association be- 
tween LTA gene polymorphisms and the level of sTNF- 
R2 in both women and men. LTA is a pro-inflammatory 
cytokine that may contribute to atherosclerosis by activ- 
ation of growth factors and cytokines, and by affecting 
the synthesis and stimulation of adhesion molecules [4]. 
LTA, like TNF-a, interacts with sTNF-Rl and sTNF- 
R2. sTNF-R concentrations are increased in patients with 
infectious diseases and may be useful as an indicator of 
LTA-induced inflammation [14]. On the other hand, the 
observed association between LTA gene polymorphisms 
and inflammatory markers might also represent an effect 
of. the TNF gene or other genetic products of the HLA 
cluster, because the LTA gene is in significant linkage 
disequilibrium with the TNF gene located on chromo- 
some 6 and the HLA cluster [15]. 

Furthermore, we detected a weak association between 
VCAM-1 and LTA gene polymorphisms; however, the 



direction of the associations between VCAM-1 and LTA 
gene polymorphisms found in the present study were not 
consistent among the cohorts. In contrast with the males, 
the variant genotype was associated with lower VCAM- 
1 levels in the female cases. This might be due to chance 
considering the borderline significance levels or indicate 
a true gender difference. Ozaki et al. [4] demonstrated 
previously that variant protein LTA 26A induced an 
increase in VCAM-1 and E-selectin in human coronary 
artery vascular smooth muscle cells. Elevated expression 
of adhesion molecules, such as VCAM-1 and E-selec- 
tin, might contribute to the pathogenesis of myocardial 
infarction, but despite the association between LTA gene 
polymorphisms and VCAM-1 no relationship between 
LTA gene polymorphisms and CHD could be demon- 
strated in the present study. 

In conclusion, the present study has demonstrated an 
association between LTA and LGALS2 gene polymor- 
phisms and markers of inflammation and cell adhesion 
molecules, but did not detect a significant association 
between LTA gene polymorphisms and CHD in 
American women and men. Future studies are needed to 
replicate the observed association between the LGALS2 
gene polymorphism and reduced risk of CHD in 
women. 
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Abstract. Metabolic syndrome is a risk factor for cardio- 
vascular disease. The aim of the present study was to identify 
genetic variants that confer susceptibility to atherothrombotic 
cerebral infarction among individuals with metabolic syndrome 
in order to allow prediction of genetic risk for this condition. 
The study population comprised 1284 unrelated Japanese 
individuals with metabolic syndrome, including 313 subjects 
with atherothrombotic cerebral infarction and 971 controls. 
The genotypes for 296 polymorphisms of 202 candidate 
genes were determined with a method that combines the 
polymerase chain reaction and sequence-specific oligonu- 
cleotide probes with suspension array technology. The Chi- 
square test, multivariable logistic regression analysis with 
adjustment for age, sex, body mass index, and the prevalence 
of hypertension, hypercholesterolemia, and diabetes mellitus, 
as well as a stepwise forward selection procedure revealed 
that the 2445G-A (Ala54Thr) polymorphism (rsl799883) of 
FABP2, the -108/3G^4G polymorphism of IPF1 (S82168), 
the A-G (Thr94Ala) polymorphism (rs2241883) of FABP1 , 
the G-A (Asp2213Asn) polymorphism (rs529038) of ROS1, 
the -11377C-G polymorphism (rs266729) of ADIPOQ, 
the 162A-.C polymorphism (rs4769055) of ALOX5AP, the 
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-786T-C polymorphism (rs2070744) of NOS3, and the 
3279C-T polymorphism (rs7291467) of LGALS2 were 
associated (P<0.05) with the prevalence of atherothrombotic 
cerebral infarction. Among these polymorphisms, the 
2445G-.A (Ala54Thr) polymorphism of FABP2 was most 
significantly associated with this condition. Our results 
suggest that FABP2, IPF1, FABP1 , ROS1 , ADIPOQ, 
ALOX5AP, NOS3, and LGALS2 are susceptibility loci for 
atherothrombotic cerebral infarction among Japanese 
individuals with metabolic syndrome. Genotypes for these 
polymorphisms, especially for the 2445G-A (Ala54Thr) 
polymorphism of FABP2, may prove informative for the 
prediction of genetic risk for atherothrombotic cerebral 
infarction among such individuals. 

Introduction 

Metabolic syndrome is defined by a clustering of abdominal 
obesity, an increased serum concentration of triglycerides, a 
decreased serum concentration of high density lipoprotein 
(HDL)-cholesterol, high blood pressure, and an increased 
fasting blood glucose level (1). Although metabolic syndrome 
has been recognized as a risk factor for atherosclerotic diseases 
such as coronary heart disease (23) and ischemic stroke (4-8), 
genetic risk for ischemic stroke in individuals with metabolic 
syndrome has remained uncharacterized. Given that stroke is 
the leading cause of severe disability and the third leading 
cause of death, after heart disease and cancer, in western 
countries and Japan (9), the identification of biomarkers for 
stroke risk is important both for risk prediction and for 

In light of the above, we performed an association study 
for 296 candidate gene polymorphisms and atherothrombotic 
cerebral infarction in 1284 Japanese individuals with meta- 
bolic syndrome. The aim of the present study was to identify 
genetic variants that confer susceptibility to atherothrombotic 
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cerebral infarction among individuals with metabolic 
syndrome in order to allow prediction of genetic risk for this 
condition. 

Materials and methods 

Study population. The study population comprised 1284 
unrelated Japanese individuals who visited outpatient clinics 
of, or were admitted to, one of the participating hospitals (Gifu 
Prefectural General Medical Center and Gifu Prefectural 
Tajimi Hospital in Gifu Prefecture, Japan; and Hirosaki 
University Hospital, Reimeikyo Rehabilitation Hospital, and 
Hirosaki Stroke Center in Aomori Prefecture, Japan) between 
October 2002 and June 2007 because of various symptoms or 
for an annual health checkup, or who were recruited to a 
population-based prospective cohort study of aging and age- 
related diseases in Gunma Prefecture, Japan. Diagnosis of 
metabolic syndrome was based on a modified version of the 
definition of metabolic syndrome proposed by the American 
Heart Association and the US National Heart, Lung, and 
Blood Institute (1). In this modified version, which was also 
used in the West of Scodand Coronary Prevention Study (10) 
and the Women's Health Study (11), body mass index (BMI) 
replaces waist circumference. On the basis of the recent 
recognition of a need to revise BMI criteria for obesity in 
Japanese and other Asian populations (12), we set the cutoff 
point for obesity as a BMI of >25 kg/m 2 . A total of 1284 sub- 
jects with metabolic syndrome had thus three or more of the 
following five components: i) a BMI of >25 kg/m 2 ; ii) a serum 
concentration of triglycerides of >1.65 mmol/1 (150 mg/dl) or 
drug treatment for elevated triglycerides; iii) a serum concen- 
tration of HDL-cholesterol of <1.04 mmol/1 (40 mg/dl) for 
men or <1 .30 mmol/1 (50 mg/dl) for women, or drug treatment 
for reduced HDL-cholesterol; iv) a systolic blood pressure of 
a 130 mmHg or diastolic blood pressure of 2:85 mmHg, or 
drug treatment for hypertension; and v) a fasting plasma 
glucose level of &5.50 mmol/1 (100 mg/dl) or drug treatment 
for elevated glucose. 

Among the 1284 subjects with metabolic syndrome, 313 
individuals (193 men, 120 women) had atherothrombotic 
cerebral infarction. The diagnosis of ischemic stroke was 
based on the occurrence of a new and abrupt focal neurologi- 
cal deficit, with neurological symptoms and signs persisting 
for >24 h; it was confirmed by positive findings in computed 
tomography or magnetic resonance imaging (or both) of the 
head. The type of stroke was determined according to the 
Classification of Cerebrovascular Diseases IJJ (13). Individuals 
with cardiogenic embolic infarction, lacunar infarction alone, 
transient ischemic attack, moyamoya disease, or cerebral 
venous sinus thrombosis were excluded from the study, as 
were those with atrial fibrillation in the absence or presence 
of valvular heart disease. The 971 control subjects (473 men, 
498 women) had metabolic syndrome but had no history of 
ischemic or hemorrhagic stroke or other cerebral diseases; of 
coronary heart disease, peripheral arterial occlusive disease, 
or other atherosclerotic diseases; or of other thrombotic, 
embolic, or hemorrhagic disorders. The study protocol com- 
plied with the Declaration of Helsinki and was approved by 
the Committees on the Ethics of Human Research of Mie 
University Graduate School of Medicine, Hirosaki University 
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Table II. Characteristics of subjects with atherothrombotic cerebral infarction (ACI) and controls among individuals with 
metabolic syndrome. 



Characteristic 



No. of subjects 
Age (years) 
Sex (male/female, %) 
BMI (kg/m 2 ) 

Current or former smoker (%) 
Hypertension (%) 
Systolic blood pressure (mmHg) 
Diastolic blood pressure (mmHg) 
Hypercholesterolemia (%) 
Serum total cholesterol (mmol/1) 
Serum triglycerides (mmol/1) 
Serum HDL-cholesterol (mmol/1) 
Diabetes mellitus (%) 
Fasting plasma glucose (mmol/1) 
Glycosylated hemoglobin (%) 



313 
67.0±9.7 
61.7/38.3 
24.5±3.5 

23.7 

87.2 
153±27 

84±17 

53.3 
5.35±1.11 
1.97±1.10 
1.18±0.35 

57.2 
7.66±2.94 
6.27±1.50 



48.7/51.3 
25.3±3.2 

24.1 

63.8 
144±20 

82±12 

36.8 
5.26±0.94 
2.20+1.34 
1.26±0.32 

25.5 
7.40±3.30 
5.84+1.48 



0.0508 
<0.0001 
0,0001 
0.8886 
<0.0001 
<0.0001 
0.0022 
<0.0001 
0.1422 
0.0057 
0.0003 
<0.0001 
0.2184 
0.0003 



Quantitative data are means ± SD. Smoker: smoking >10 cigarettes daily. Hypertension: systolic blood pressure of ,140 mmHg or diastolic 
blood pressure of ,90 mmHg (or both), or taking antihypertensive medication. Hypercholesteremia: ^.^^^g^ 
mmol/1 (220 mg/dl) or taking lipid-lowering medication. Diabetes mellitus: fasting blood glucose of ,6.93 mmol/1 (126 mg/dl) or 
glycosylated hemoglobin content (hemoglobin Ale) of >6.5% (or both), or taking antidiabetes medication. 



Graduate School of Medicine, Gifu International Institute of 
Biotechnology, Tokyo Metropolitan Institute of Gerontology, 
and participating hospitals. Written informed consent was 
obtained from each participant. 

Selection and genotyping of polymorphisms . Our aim was to 
identify genetic variants associated with atherothrombotic 
cerebral infarction among Japanese individuals with 
metabolic syndrome in a case-control association study by 
examining the relations of one to five polymorphisms of each 
candidate gene with this condition. With the use of public 
databases, including PubMed (NCBI) and Online Mendelian 
Inheritance in Man (NCBI), we selected 202 candidate genes 
that have been characterized and suggested to be associated 
with atherothrombotic cerebral infarction. On the basis of 
published studies or by searching PubMed and single 
nucleotide polymorphism (SNP) databases [dbSNP (NCBI) 
and Japanese SNP database (JSNP)], we further selected 296 
polymorphisms of these genes, most located in the promoter 
region or exons, that might be expected to result in changes 
in the function or expression of the encoded protein (14,15). 
Wild-type and variant alleles of the polymorphisms were 
determined from the original sources. 

Venous blood (7 ml) was collected into tubes containing 
50 mmol/1 EDTA (disodium salt), and genomic DNA was 
isolated with a kit (Genomix; Talent, Trieste, Italy). Geno- 
types of the 296 polymorphisms were determined at G&G 
Science (Fukushima, Japan) by a method that combines the 
polymerase chain reaction (PCR) and sequence-specific 
oligonucleotide probes with suspension array technology 



(Luminex, Austin, TX, USA). Primers, probes, and other 
PCR conditions for genotyping polymorphisms found to be 
related (P<0.05) to atherothrombotic cerebral infarction by 
the Chi-square test are shown in Table I. Detailed genotyping 
methodology was described previously (16). 

Statistical analysis. Quantitative data were compared 
between subjects with atherothrombotic cerebral infarction 
and controls by the unpaired Student's t-test. Categorical data 
were compared by the Chi-square test. Allele frequencies 
were estimated by the gene counting method, and the Chi- 
square test was used to identify departure from Hardy- 
Weinberg equilibrium. In the initial screen, genotype 
distributions for each polymorphism were compared between 
subjects with atherothrombotic cerebral infarction and 
controls with the Chi-square test. Polymorphisms with a P- 
value of <0.05 were further examined in a more rigorous 
evaluation of association by multivariable logistic regression 
analysis with adjustment for covariates that differed 
significantly between subjects with atherothrombotic cerebral 
infarction and controls. Given that the difference in age was 
marginally significant, it was included in covariates. 
Multivariable logistic regression analysis was thus performed 
with atherothrombotic cerebral infarction as a dependent 
variable and independent variables including age, sex (0, 
woman; 1, man), BMI, metabolic variables (0, no history of 
hypertension, diabetes mellitus, or hypercholesterolemia; 1, 
positive history), and genotype of each polymorphism, and 
the P- value, odds ratio, and 95% confidence interval were 
calculated. Genotypes were assessed according to dominant, 
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Table III. Genotype distributions of polymorphisms related (P<0.05) 
individuals with metabolic syndrome as determined by the Chi-square te 



3 atherothrombotic cerebral infarction (ACT) among 



2445G-A (Ala54Thr) 



190T-C (Trp64Arg) 



3949T-.G (3'-UTR) 



3279C-T (intron 1) 



256 


(82.3) 


748 


(77.0) 


46 


(14.8) 


213 


(21 .9) 


9 


(2.9) 


10 


(1.0) 


114 


(36.7) 


448 


(46.1) 


140 


(45.0) 




(41.7) 


57 


(18.3) 


118 


(12.2) 


215 


(69.1) 


627 


(64.6) 


78 


(25.1) 


314 


(32.3) 


18 


(5.8) 


30 


(3.1) 


93 


(29.9) 


231 


(23.8) 


159 


(51.1) 


483 


(49.7) 


59 


(19.0) 


257 


(26.5) 


69 


(22.2) 


292 


(30.1) 


167 


(53.7) 


438 


(45.1) 


75 


(24.1) 


241 


(24.8) 


162 


(52.1) 


581 


(59.9) 


137 


(44.1) 


338 


(34.9) 


12 


(3.9) 


51 


(5.3) 


247 


(79.4) 


832 


(85.7) 


60 


(19.3) 


136 


(14.0) 


4 


(1.3) 


3 


(0.3) 


60 


(19.3) 


150 


(15.5) 


125 


(40.2) 


480 


(49.4) 


126 


(40.5) 


341 


(35.1) 


153 


(49.2) 


426 


(43.9) 


137 


(44.1) 




(44.2) 


21 


(6.8) 


116 


(12.0) 


91 


(29.3) 


246 


(25.3) 


127 


(40.8) 


485 


(50.0) 


93 


(29.9) 


240 


(24.7) 


163 


(52.4) 


575 


(59.2) 


120 


(38.6) 


346 


(35.6) 


28 


(9.0) 


50 


(5.2) 


58 


(18.0) 


145 


(15.1) 


124 


(39.9) 


470 


(48.9) 


131 


(42.1) 


347 


(36.1) 


303 


(97.4) 


962 


(99.2) 


8 


(2.6) 


8 


(0.8) 


0 


(0) 


0 


(0) 
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Table ILL Continued. 



Gene symbol 


Polymorphism 


dbSNP* 


ACI 


Controls 


P 


IPF1 


-108/3G-4G 


S82168 










0.0280 


3G3G 




96 


(30.9) 


226 


(23.3) 






3G4G 




134 


(43.1) 


475 


(48.9) 






4G4G 




81 


(26.1) 


270 


(27.8) 




UPC 




rsloULOoo 








(24.6) 


0.0296 


51 CC 




91 


(29.3) 


239 






CT 




130 


(41.8) 


489 


(50.4) 






n 




90 


(28.9) 


242 


(25.0) 




ROS1 


G-A (Asp2213Asn) 
GG 


rs529038 


225 


(72.4) 


709 


(73.0) 


0.0311 




GA 




74 


(23.8) 


249 


(25.6) 






AA 




12 


(3.9) 


13 


(1.3) 




ROS1 


G-.C (Cys2229Ser) 


rs619203 




(4.1) 


12 


(1.3) 


0.0375 




GG 




10 






GC 




50 


(20.3) 


196 


(21.5) 






CC 




186 


(75.6) 


702 


(77.1) 





Numbers in parentheses are percentages. 'In instances in which rs numbers in dbSNP were not detected, NCBI GenBank ; 



recessive, and two additive (additive 1 and 2) genetic models. 
Each genetic model comprised two groups: the combined 
group of variant homozygotes and heterozygotes versus wild- 
type homozygotes for the dominant model; variant homo- 
zygotes versus the combined group of wild-type homozygotes 
and heterozygotes for the recessive model; heterozygotes 
versus wild-type homozygotes for the additive 1 model; and 
variant homozygotes versus wild-type homozygotes for the 
additive 2 model. We also performed a stepwise forward 
selection procedure to examine the effects of genotypes as 
well as of other covariates on atherothrombotic cerebral 
infarction. The P-levels for inclusion in and exclusion from 
the model were 0.25 and 0.1 , respectively. In the stepwise 
forward selection procedure, each genotype was examined 
according to a dominant or recessive model on the basis of 
statistical significance in the multivariable logistic regression 
analysis. For all statistical analysis, a P- value of <0.05 was 
considered significant. Statistical significance was examined 
by two-sided tests, and statistical analysis was performed with 
JMP version 6.0 software (SAS Institute, Cary, NC, USA). 

Results 

The characteristics of the 1284 study subjects are shown in 
Table LL The frequency of male subjects, the prevalence of 
hypertension, hypercholesterolemia, and diabetes mellitus, 
systolic and diastolic blood pressure, and the percentage of 
glycosylated hemoglobin were greater, whereas BMI and the 
serum concentrations of triglycerides and HDL-cholesterol 
were lower, in subjects with atherothrombotic cerebral 
infarction than in controls. 

Comparisons of genotype distributions with the Chi-square 
test revealed that the -786T-C polymorphism (rs2070744) of 



Table IV. Hardy- Weinberg P-values in subjects with athero- 
thrombotic cerebral infarction (ACI) and controls. 



Gene 


Polymorphism 


ACI 


Controls 


NOS3 


-786T-C 


0.0014* 


0.2905 


FABP2 


2445G-A (Ala54Thr) 


0.2763 


0.0892 


ADRB3 


190T-.C (Trp64Arg) 


0.0075* 


0.2552 


ALOX5AP 


162A-C 


0.6169 


0.9410 


HMOX1 


-413T-.A 


0.2310 


0.0037* 


FABP1 


A-.G (Thr94Ala) 


0.0137* 


0.9121 


THBS2 


3949T-G (3'-UTR) 


0.8994 


0.4232 


LTA4H 


A-G (rs2660845) 


0.0075" 


0.4121 


LGALS2 


3279C-T (intron 1) 


0.2390 


0.6673 


UPC 


-250G-A 


0.0018* 


0.9735 


ADIPOQ 


-11377C-G 


0.4675 


0.8969 


LTA4H 


A-G (rs2540482) 


0.0098' 


0.5345 


ADIPOR2 


795G-A 


0.0451* 


0.0002* 


IPF1 


-108/3G-4G 


0.0221* 


0.5845 


UPC 


-514C-T 


0.0054* 


0.8470 


ROS1 


G-A(Asp2213Asn) 


0.1064 


0.1149 


ROS1 


G-.C (Cys2229Ser) 


0.0182* 


0.8037 


*P<0.05. 



NOS3, the 2445G-A (Ala54Thr) polymorphism (rsl799883) 
of FABP2, the 190T-C (Trp64Arg) polymorphism (rs4994) 
of ADRB3, the 162A-C polymorphism (rs4769055) of 
ALOX5AP, the -413T-A polymorphism (rs2071746) of 
HMOX1, the A-G (Thr94Ala) polymorphism (rs2241883) of 
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Table V. Multivariate logistic regression analysis of polymorphisms related to atherothrombotic cerebral infarction by the 
st for individuals with metabolic syndror- 



Gene 


Polymorphism 


Dominant 




Recessive 


Additive 1 




Additive 2 


P 


— - 
( 


P 


OR (95% CI) 


p 


OR (95% CI) 


P 


OR (95% CI) 


NOS3 


-786T-C 


0.0851 




0.0619 




0.0253 


0.65 (0.44-0.94) 


0.0 


2.08 (1.36-3.17) 


FABP2 


2445G-A (Ala54Thr) 


0.0031 


1.55(1.16-2.07) 


0.0048 


1.75(1.18-2.57) 


0.0316 


1.40(1.03-1.91) 




ADRB3 


190T-C (Trp64Arg) 


0.2129 




0.1318 




0.0798 




02096 


0.51 (0.34-0.77) 






0.0305 


0.71 (0.52-0.97) 


0.0028 


0.59(0.41-0.83) 


0.2281 




0.0015 


FABP1 


A-.G (Thr94Ala) 


0.0227 


1.39(1.05-1.84) 


0.1291 




0.0056 


1.51 (1.13-2.02) 


0.2983 


6.68 (1.35-36.31) 


THBS2 


3949T-.G (3'-UTR) 


0.1316 




0.0206 


6.49(1.31-35.30) 


0.2721 




0.0187 


LTA4H 


A-G (rs2660845) 


0.4756 




0.2439 




02234 




0.9804 
0.0197 


0.53 (0.30-0.89) 


LGALS2 


3279C-T (inteon 1) 


0.2654 




0.0209 


0.54 (0.31-0.89) 


0.6975 




UPC 


-250G-A 


0.2322 




0.1816 




0.0667 




0.9330 


2.27 (1.29-3.95) 


ADIPOQ 


-11377C-.G 


0.0867 




0.0062 


2.14 (1.23-3.68) 


0.3341 




0.0040 


LTA4H 


A .G (rs2540482) 


0.7186 




0.1928 




0.3718 




0.7866 




IPF1 


-108/3G-4G 


0.0065 


0.65 (0.47-0.89) 


0.6625 




0.0062 


0.62 (0.44-0.87) 


0.0550 




UPC 
ROS1 


-514C-T 


0.1194 




0.4117 




0.0459 


0.71 (0.50-0.99) 


0.6532 


2.82(1.14-6.94) 


G-A (Asp2213Asn) 


0.3800 




0.0243 


2.78 (1.13-6.83) 


0.7660 




0.0233 


ROS1 


G-C (Cys2229Ser) 


0.0142 


028 (0.10-0.78) 


02284 




0.0285 


0.31 (0.11-0.89) 


0.0129 


0.28 (0.10-0.77) 



analysis was performed with adjustment for age, si 



Table VI. Effects of genotypes and other characteristics on 
atherothrombotic cerebral infarction among individuals with 
metabolic syndrome determined by a stepwise forward 
selection procedure (P<0.05). 



Variable 


P 


R 2 


Diabetes mellitus 


<0.0001 


0.0732 


Hypertension 


<0.0001 


0.0419 


BMI 


<0.0001 


0.0140 


Hypercholesterolemia 


0.0004 


0.0107 


Sex 


0.0012 


0.0089 


FABP2 (GA + AA versus GG) 


0.0037 


0.0072 


IPF1 (3G4G + 4G4G versus 3G3G) 


0.0051 


0.0067 


FABP1 (AG + GG versus AA) 


0.0063 


0.0063 


ROSI (rs529038) (AA versus GG + GA) 


0.0080 


0.0060 


ADIPOQ (GG versus CC + CG) 


0.0082 


0.0059 


ALOX5AP (CC versus AA + AQ 


0.0149 


0.0050 


NOS3 (CC versus TT+TQ 


0.0237 


0.0044 


LGALS2 (TT versus CC + CT) 


0.0405 


0.0036 



R 2 , contribution rate. 



FABP1, the 3949T-G polymorphism (rs8089) of THBS2 , the 
A-G polymorphism (rs2660845) of LTA4H, the 3279C-T 
polymorphism (rs7291467) of LGALS2 , the -250G-A poly- 
morphism (rs2070895) of UPC, the -11377C-G polymor- 
phism (rs266729) of ADIPOQ, the A-G polymorphism 
(rs2540482) of LTA4H, the 795G-A polymorphism 
(rsl6928751) of AD1POR2, the -108/3G-4G polymorphism 
of 1PF1 (S82168), the -514C-T polymorphism (rsl800588) 



of UPC, the G-A (Asp2213Asn) polymorphism (rs529038) 
of ROS1, and the G-C (Cys2229Ser) polymorphism 
(rs619203) of ROS1 were related (P<0.05) to atherothrombo- 
tic cerebral infarction (Table III). The genotype distributions 
of these 17 polymorphisms in subjects with atherothrombotic 
cerebral infarction and in controls are also shown in Table III. 
In control subjects, the genotype distributions of these poly- 
morphisms with the exception of those of HMOX1 and 
ADIPOR2 were in Hardy-Weinberg equilibrium (Table IV); 
the polymorphisms of HMOX1 and ADIPOR2 were therefore 
excluded from subsequent analysis. 

Multivariable lo isti eg' '•■•inn analysis with adjustment 
for age, sex, BMI, and the prevalence of hypertension, 
diabetes mellitus, and hypercholesterolemia revealed that the 
-786T-C polymorphism of NOS3 (additive 1 model), the 
2445G-A (Ala54Thr) polymorphism of FABP2 (dominant, 
recessive, and additive 1 and 2 models), the 162A-C poly- 
morphism of ALOX5AP (dominant, recessive, and additive 2 
models), the A-G (Thr94Ala) polymorphism of FABP1 
(dominant and additive 1 models), the 3949T-G polymor- 
phism of THBS2 (recessive and additive 2 models), the 
3279C-T polymorphism of LGALS2 (recessive and additive 
2 models), the -11377C-G polymorphism of ADIPOQ 
(recessive and additive 2 models), the -108/3G-4G poly- 
morphism of IPF1 (dominant and additive 1 models), the 
-514C-T polymorphism of UPC (additive 1 model), the 
G-A (Asp2213Asn) polymorphism of ROSI (recessive and 
additive 2 models), and the G-C (Cys2229Ser) polymor- 
phism of ROSI (dominant and additive 1 and 2 models) were 
associated (P<0.05) with the prevalence of atherothrombotic 
cerebral infarction (Table V). The variant A allele of FABP2, 
G allele of FABP1, G allele of THBS2, G allele of ADIPOQ, 
and A allele of the G-A (Asp2213Asn) polymorphism of 
ROSI were risk factors for atherothrombotic cerebral 
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infarction, whereas the variant C allele of NOS3, C allele of 
ALOX5AP, T allele of LGALS2 , AG allele of 1PF1 , T allele of 
the -514C-.T polymorphism of UPC, and C allele of the 
Q-.C (Cys2229Ser) polymorphism of i?05i were protective 
against this condition. 

Finally, we performed a stepwise forward selection 
procedure to examine the effects of genotypes for the 1 1 
polymorphisms associated with atherothrombotic cerebral 
infarction by multivariable logistic regression analysis as 
well as of age, sex, BMI, and the prevalence of hypertension, 
diabetes mellitus, and hypercholesterolemia on atherothrom- 
botic cerebral infarction (Table VI). Diabetes mellitus, hyper- 
tension, BMI, hypercholesterolemia, sex, FABP2 genotype 
(dominant model), 1PF1 genotype (dominant model), FABP1 
genotype (dominant model), ROS1 genotype (rs529038, 
recessive model), ADIPOQ genotype (recessive model), 
ALOX5AP genotype (recessive model), NO S3 genotype 
(recessive model), and LGALS2 genotype (recessive model), 
in descending order of statistical significance, were indepen- 
dent (P<0.05) determinants of atherothrombotic cerebral 
infarction. 

Discussion 

We examined the possible relations of 296 polymorphisms in 
202 candidate genes to the prevalence of atherothrombotic 
cerebral infarction in 1284 Japanese individuals with meta- 
bolic syndrome. Our association study with three steps of 
analysis (Chi-square test, multivariable logistic regression 
analysis, and stepwise forward selection procedure) revealed 
that the 2445G-A (Ala54Thr) polymorphism of FABP2, the 
-108/3G-4G polymorphism of IPF1, the A-G (Thr94Ala) 
polymorphism of FABP1 , the G-A (Asp2213Asn) polymor- 
phism of ROS1, the -11377C-G polymorphism of ADIPOQ, 
the 162A-C polymorphism of ALOX5AP, the -786T-.C 
polymorphism of NOS3, and the 3279C-.T polymorphism of 
LGALS2 were associated with the prevalence of atherothrom- 
botic cerebral infarction. Among these polymorphisms, the 
2445G-A (Ala54Thr) polymorphism of FABP2 was most 
significantly associated with this condition. 

Fatty acid-binding protein 2 (FABP2) is an intracellular 
protein that is expressed only in the columnar absorptive 
epithelial cells of the small intestine. It contains a single ligand 
site that has a high affinity for saturated and unsaturated fatty 
acids, and it contributes to the absorption and intracellular 
transport of long-chain fatty acids (17). The product of the A 
allele of the 2445G^A (Ala54Thr) polymorphism of FABP2 
possesses a greater affinity for long-chain fatty acids in vitro 
than does that of the G allele (18). In addition, individuals 
with the A allele of this polymorphism were found to be more 
insulin resistant than were those with the G allele (18,19). 
The A allele was also shown to be associated with higher 
plasma levels of low density lipoprotein-cholesterol (20) or 
with dyslipidemia (high plasma concentration of triglycerides 
and low concentration of HDL-cholesterol) (21), In addition, 
the A allele of the 2445G-A (Ala54Thr) polymorphism was 
previously associated with a parental history of stroke in the 
Swedish population (22). Moreover, it was associated with a 
2- to 3.5-fold increase in cardiovascular risk in dyslipidemic 
men with diabetes compared with their dyslipidemic nondia- 



betic counterparts; for nonfatal myocardial infarction, stroke, 
or death from coronary heart disease, the corresponding 
hazard ratio was 3.0, whereas for stroke alone it was 3.5 (23). 
Our results show that the 2445G-.A (Ala54Thr) polymor- 
phism of FABP2 was significantly associated with athero- 
thrombotic cerebral infarction in individuals with metabolic 
syndrome, with the A (Thr) allele representing a risk factor 
for this condition. The effects of this polymorphism on both 
insulin resistance and lipid metabolism may account for its 
association with atherothrombotic cerebral infarction. 

Among the seven polymorphisms of 1PF1 , FABP1 , ROS1 
(rs529038), ADIPOQ, ALOX5AP, NOS3, and LGALS2 also 
associated with atherothrombotic cerebral infarction in 
individuals with metabolic syndrome, the 162A-C poly- 
morphism of ALOX5AP and the -786T^C polymorphism of 
NOS3 have previously been associated with ischemic stroke 
(24,25). The -108/3G-4G polymorphism of IPF1 , the G-»A 
(Asp2213Asn) polymorphism of ROS1, the -11377C-G 
polymorphism of ADIPOQ, and the 3279C->T polymorphism 
of LGALS2 were found not to be associated with ischemic 
stroke, but with myocardial infarction (26-30). The remaining 
A-G (Thr94Ala) polymorphism of FAB PI has not been 
reported to be associated with ischemic stroke or myocardial 
infarction. 

Given the multiple comparisons of genotypes with 
atherothrombotic cerebral infarction in the present study, it is 
not possible to exclude completely potential statistical errors 
such as false positives. It is also possible that one or more of 
the polymorphisms associated with this type of stroke in the 
present study are in linkage disequilibrium with other 
polymorphisms in the same gene or in other nearby genes 
that are actually responsible for the development of this 
condition. In addition, the functional relevance of the 
identified polymorphisms to gene transcription or to protein 
structure or function was not determined in the present study. 

In conclusion, our present results suggest that FABP2, 
IPF1, FABP1 , ROS1 , ADIPOQ, ALOX5AP, NOS3, and 
LGALS2 are susceptibility loci for atherothrombotic cerebral 
infarction among Japanese individuals with metabolic 
syndrome. Genotypes for these polymorphisms, especially 
for the 2445G-.A (Ala54Thr) polymorphism of FABP2, may 
prove informative for assessment of genetic risk for athero- 
thrombotic cerebral infarction among individuals with 
metabolic syndrome. Validation of our findings will require 
their replication with independent subject panels. 
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ARTICLE INFO ABSTRACT 

Amde fetoot Objective: The galectin-2 protein is presumed to play a regulatory role in the intracellular trafficking 

Receiwa 23 fetow 2008 of the lymphotoxin-a {UA) cytokine. iXA is a pro-inflanunatory fectof, its 2S2GG homosygote variant 

Recejt^toi g^ ft m zs^osgstzoos j s considered as a susceptibility factor for arteriosclerosis and cardiovascular diseases. By contrast, the 

Accepted 29 September 2008 gaIecfin-2-encoding gene IG/US2 3279TT homozygote variant has been demonstrated to exert protection 

— — — — — against myocardial infarction by reducing the transcriptional level of galectin-2, thereby leading to a 

reduced extracellular secretion of ITA. 

J^^j^^ Methods: in the present study, we examined whether the ICAIS2 3279TI hornozygoce variant atone ca~ 



fesuto: The combination of the IGASSl 3279TT and OH 252GG iwrwutygore was significantly less frequent 
in the ischemic stroke group (1.56*) than in the controls (534%,p<0.QQl87: overall stroke group: crude 
QR; OJ25. 953 a- 0.1-0.64; adjusted OR: 0.03, 95* Ct 0.025-0.71). 

© 2008 Elsevier B.V. AU rights reserved. 



1. Introduction 

lymphotoxto-alpha (ZTA), a cytokine affecting pro- 
inflammatory processes, is a factor promoting the development 
of atherosclerosis [1-8]. The UA gene has been implicated in the 
pathcroedianism of ischemic; stroke and myocardial infarction, 
the UA 252GG homozygote, which naturally coexists with the 
804M homozygote, has also been demonstrated to contribute to 
myocardial infarction or large-vessel-associated ischemic stroke 
[9-14], In consistence with these observations, a recent article 
demonstrated that the UA 2S2GG homozygote variant is associated 
with an increased intiraa-media thickness in the carotid arteries 
[15J. In contrast, another study reported that the UA 252CG 
homozygote can be protective against certain types of ischemic 
stroke [16$. The contradictory findings may stem from the fact 
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that some other genetic variant can modify the effects of the £TA 
252GG homozygote or that ischemic stroke is a heterogeneous 
entity caused by different pathomechanisms. 

mbijoxis to the gaiectic-2tjansr»rt protein, which U 
as playing an important role in the intracellular trafficking of UA 
[17]. Galettin-2-encoding IGALS2 gene C3279T single nucleotide 
polymorphism is presumed to reduce the transcriptional level of 
galectin-2, and can thereby protect against myocardial infarction 
[17]. In this context, the aim of our present study was to examine 
whether the potentially protective LQALS2 3279TThomozygote'can 
influence the unfavourable effects of the ITA 252GG homozygote in 
different types of ischemic stroke. 

2. Methods 

The study involved 385 Caucasian ischemic stroke patients 
and 303 stroke and neuromiaginz aKeration-fjee Caucasian con- 
trols. The controls had negative brain CT or MR1 scans, in order 
to avoid silent brain infarction. The patients and controls under- 
went clinical scrutiny [18], indodiog an exploration of the medical 
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history and the femfly anamnesis, an evaluation of the vascu- 
lar risk factors, general physical and neurological examinations, 
urine analysis, extended laboratory examinations, electrocardio- 
graphy, extracranial and transcranial Doppler sonography of the 
brain-suppiying arteries, transthoracic and/or transoesophageal 
echocardiography where appropriate, and MR] exarnmations. The 
infarctions were evaluated in the axial and coronal views of the 
T2-, TI- and proton (tensity-weighted images. All scans were read 
by an experienced investigator without knowledge of the clini- 
cal and laboratory data. The stroke patients were enrolled into 
one of the Mowing stroke type groups: large-vessel-associated 
stroke (cortical or cerebellar lesions and/or brainstem infarcts or 
subcortical hemispheric infarcts greater than t5cm in diameter 
cm the MRls), small-vessel ischemic stroke (one or more subcor- 
tical hemispheric or brainstem infarcts with a diameter of less 
than 15 cm on the MRls), or a mixed vascular type (one or more 
lacunar and large-vessel infarcts on the MRls). The mode of assess- 
ment of the clinical results was also reported earlier (18). The study 
design was approved in advance by the Local Ethics Committee, 
and all participants gave their informed consent to the examina- 
tions. 

The 303 subjects who served as a control group, did not exhibit 
any brain MRI scan abnormality. They were believed to be healthy 
and not to suffer from any vascular brain pathology.They were ran- 
domly selected from our practice register with the requirement 
of negative brain MR! scans. We randomly identified a healthy 
wdjvidual from our regional register then we carried out the MR! 
examination on him. If it did not show any alterations, we poten- 
tially enrolled the subject into our control group. Subjects with any 
kind of previous clinical data suggesting a cerebrovascular or car- 
diovascular event, such as a transient ischemic attack or angina 
pectoris, were excluded from the control group. 

The clinical data were grVen as means +5JD. or in percent The 
differences between the clinical parameters and different geno- 
types in the stroke groups and control group were compared 
using the x 2 test or Mann-Whitney test. The interaction terms 
were assessed in two by two tables by the exact Fisher's and 
the x 2 tests. Crude and adjusted odds ratios (OR) were also cal- 
culated as a measure of the association between the different 
genotypes and the stroke groups and are interpreted as the rel- 
ative risk of the disease for the exposed as compared with the 
unexposed. All statistical calculations were carried out by SYSTAT 
10 for Windows statistical package. We calculated formal statis- 
tical power for the statistical tests (alpha- 0.05). Due to multiple 
genetic testing, Bonfervoni correction was also performed. In accor- 
dance to previous clinical, biochemical and genetic data, only three 
variables (two genetic &ctors and their combination pair) were 
presumed to have biological phenotype effects, therefore Bonfer- 
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c DNA was extracted from peripheral blood anfkoag- 
uiated with EDrrA by a routine salting out method. A PCR/RHP 
method for the detection of the ITA A252G and C804A vari- 
ants was used as reported earlier [10]. The C3279T alteration 
was determined by PCR-RFtP assay. The primers were designed 
using the CenBank reference sequence AIQ22315; the sense 
primer was S r -AGGA(XrGCAMxaxwC^rjr-3', the antisense 5'- 
CCACTttGCACACTCCMAAGG-3'. The PCR conditions were as 
follows: initial denaturation at 96 »C followed by 35 cycles of 
30s at 9S°C 30s at 60*0, 30s at 72 'C and a final extension at 
72 "C The armjttficatioo was carried out in a final volume of 50|*l 
containing 300 mM of each dNTP. iu of Taq polymerase, 5ui of 
reaction buffer (SOOraM Ktl, 14 mM MgCfe. 10 mM Tris-HCl. pK 
9.0),0-2mMofeadiprimerandt t<g extracted DNA. Finally. 10 p4 of 
bhe239bplongampliconvrasc3gest)edwim^ 



an ethidium-bromide stained 3% agarose gel. The r«imers w 
designed to create an obligatory cleaving site on the ampficon to 
enable us to check the digestion. Therefore, after digestion 21, 78, 
140 bp k>ng fragments were in the samples with CC genotype. In 
homozygous 7T samples 78, 161 bp long products were detected. In 
rieten«^uspatrejar321 T 78,l4p.lCT bp fragments were produced. 

The distributioD of the genotypes met the refinement of the 
Hardy-Welnberg equilibrium in the controls. 



The clinical data are summarized in Table 1. 

The frequencies of the UA A252G and LGALS2 C3279T vari- 
ants and their combinations are shown in Table 2. The OK 252GC 
horoozygote yielded a risk for large-vessel associated ischemic 
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stroke (23.6X versus the control 831 SS; p<0.000094, Crude OR; 
3J6, 95% Ct 174-5.74). There was no accumulation of any of 
IGALS2 C3279T variants either homozygous or heterozygous form 
in any groups of stroke. By contrast, the homozygous UA 252GG 
homozygote in cornbination with the IGAIS2 3279TT hymozygote 
occurred fessfrequenflytatheoveraUischernics^ 
p <0.00187), in the mixed vascular type (OBEX. p< 0.0378) and in 
the small-vessel ischemic stroke patients (1MX p<OAHS) than 
in the controls (554%). The other combination patterns of the OH 
A252G and IGA152 C3273T genotypes did not differ between the 
stroke groups and the control group. 

The crude and adjusted ORs are found in Table 3. The tCrtlS 
327STT homozygote combined with the HA 2S2CC homozygote 
yielded protection against iscnernk stroke (overall ischemic stroke 
group: crude OR; 0.25. 95X O: 0.1-O64, p<0.004: smalt-vessel 
stroke group: crude OR: 0.18, 95% d: 0.04-0.8, p<0.04). After 
logistic regression calculation, the same combination remained a 
protective factor. 

Table 4 presents the frequencies of the fjGAIS2 3279TT homozy- 
gote versus other LGAL52 genotypes in the subgroups of subjects 
with the LTA 252GG homozygote. Among patients with the 
LTA 252CG homozygote, the combination of the WA1S2 3279TT 
homozygote and UA 252GG homozygote occurred significantly 
Jess frequently in all stroke subtypes than in the controls (large- 
vessel and overall: p<0.00098; small-vessel and mixed group: 
p<0.0009). The distribution of the LGALS2 genotypes in stroke 
cases with or without ITG 252GG homozygote is shown in 
Table 5, 

The formal power calculation for the positive interaction term 
test as regards the overall stroke group proved to be over 85% 
(alpha =0.05). After the Bonferroni correction the found associa- 



tions remained significant for the overall stroke group (Bonferroni 
threshold significance level=0.0166). 



The£3A252GG homozygote conferred a significant risk of large- 
vessel ischaemic stroke, which was expected because most of the 
study subjects were the same as in our earlier study, and gave 
similar results (10]. The disrhbutxbn of the IGALS2 0279T vari- 
ant was the same in the stroke groups and the controls. However, 
the presence of the LCALS2 3279TT homozygote coriferred signif- 
icant protection against ischemic stroke in the presence of the 
disadvantageous LTA 252GG homozygote. The univariate subgroup 
analysis revealed that this association mainly resulted from the 
reduced frequency of this combination genotype in the smaH- 
vessel-inrarct group. This finding can be explained by the fact that 
the increased number of the LTA 252GG homozygote in the large- 
vessel stroke group, which resulted from it being a risk factor for 
this type of stroke, has confounded the protective association for 
the above combination pair in the large-vessel vascular type. The 
results of Fisher's exact tests that were carried out on the sub- 
groups of subjects with VTA 252GG homozygote only, however, 
have also confirmed the protective role of the combination of the 
HA 2S2GG homozygote and LGAIS2 327STT homozygote in large- 
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The exact explanation of this protective role of the IGALS2 
327STT homozygote is not known. However, there are some indi- 
cations that the level of galectm-2 is of great importance in the 
secretion offTAfri vitro [171- A higher level of g9lectin-2 vriH lead to 
a higher level of extraceUuiarseaetion offlA in a cell medium {17 J. 



Distribution of the UMS2 genotypes in stroke Casts With different UA A252G genotypes. 



Genotypes 


stroke case wit 


httAGG(n-47) Stroke cases with LTA AG (n- 188 


) Stroke cases with LTA AA(n= ISO) Stroke cases without LTA GG (n-338) 


LGALSZ 3279CC 
LGA1SZ3Z79CT 

tGAiS2327srrr 


14C9.8X) 
J7(57>«) 
fi-f.t2.8X) 


24<i2.8» 
75(3a9X) 
89(473*) 


13(8.72) 37(1033!) 
79(52.7%) 154(45.6%) 
58(38.6*) 147(43.590 
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The presence of the LGALS2 3279TT variant, however, results in „ 
nearly 502 tower transcriptional activity of galeairt-2 [17}. The UA 
252GChomo2Vgote has been reported tn cause a L5-fold enhance- 
ment of the transcriptional activity ofm, which is considered to 
be in general a pro-inflammatory and arherosclerosi^promodng 
factor I9J. When these basic data are taken into account, the pos- 
sibility arises that the protective role of the LCALS2 3279T allele 
against the development of ischemic stroke rnaterialKes only in the 
presence of the disadvantageous UA 252GG boraozygote-The most 
obvious explanation of this appears to be that the reduced level 
of galectin-2 determined by the 3279TT homozygote will reduce 
the extracellular secretion of the disadvantageous ITA encoded by 
the 252GG homozygote; and in this way ft can counterbalance the 
pro-inflaxnmatory effects of the ITA 252GG homozygote. to the 
presence of the more favourable UA A252 allele, the importance 
of this protective role of the gakctin-2 level may be lost as regards 
the development of ischemic stroke, because the basic production 
of the £3A is not high and in this case the level of the galectin-2 
transport protein will be indifferent. 

The other hypothetical explanation may he that the HA coded 
by the unfavourable 252GG homcoygote binds to galectin-2 with 
a different strength as compared with them coded by the more 
favourable UA AA252 homozygote; and because of this changed 
binding feature, the reduced level of gaIactin-2 determined by the 
IGAIS2 3279TT homo2ygote will change the secretion of ITA to a 
greater extent in the presence of the 1X4 252GG homozygote than 
in the presence of the UA M252 homozygote. it has also been 
suggested that the different allelic variations ofUA have different 
binding features [9]. 

Theprc*ecfiveeffe<tsottCfll^327OTto 
ence of the OA 252GG homozygote may also explain why some 
studies found that the presence of the DA 252GG homozygote is 
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am gene conetates with a variant amifio add in position 2$ and a reduced 



LiroftatloirsofthestndyUI)^^ 
tests was sufficient, the present association needs further exami- 
nation with a greater case-control study, specially for the subtypes 
of stroke; (2) the different genotypes can affect the survival of 
patients, thereby distorting the distribution of the genetic factors 
in the stroke cases; (3) the gene-gene interaction found demands 
further confirmation in different geographical regions; (4) because 
of the tow number of positive interactions and the relatively high 
statistical power of the tests, the clinical imp - 
gene-gene association is open to question. 
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